NEC
1,048,576 x 1-Bit

NEC Electronics Inc. Dynamic CMOS RAM

Description Pin Configurations
The uPD421000 is a fast-page dynamic RAM organized  1g8_pjn Plastic DIP

as 1,048,576 words by 1 bit and designed to operate
from a single + 5-volt power supply. Advanced polycide . GND
technology using trench capacitors minimizes silicon WE DouT
area and provides high storage cell capacity, high RAS CAs
performance, and high reliability. A single-transistor NC 8 Ag
dynamic storage cell and advanced CMOS circuitry A b Ag
throughout ensure minimum power dissipation, while Aq na_ Az
an on-chip circuit internally generates the negative- Az = Ag
voltage substrate bias—automatically and transpar- A3 As
ently. Vee Ag
The three-state output is controlled by CAS indepen- B
dent of RAS. After a valid read or read-modify-write N .
cycle, data is held on the output by holding CAS low.  26/20-Pin Plastic SOJ
The data output is returned to high impedance by
returning CAS high. Fast-page read and write cycles o Ol 1 261 GND
can be executed by cycling CAS. wel]2 251 Dout
Refreshing may be accomplished by means of a CAS R:c?E i : g Sgs
before RAS cycle that internally generates the refresh ne Os 2217 ag
address. Refreshing can also be accomplished by 8
means of RAS-only refresh cycles or by normal read or g
write cycles on the 512 address combinations of Ag - e
Ag during an 8-ms refresh period. Aodes * 180 as

At Q10 17 A7
Features A2 11 16[0 Ag

Az 12 15 A
0 1,048,576-word by 1-bit organization vec O 13 7Y u] Ai
0 Single +5-volt power supply auHE291A
o Fast-page option
a CAS before RAS refresh cycles . .
O Multiplexed address inputs 20-Pin Plastic ZIP
o On-chip substrate bias generator
O Nonlatched, three-state outputs
D Low input capacitance
O TTL-compatible inputs and outputs
0 512 refresh cycles every 8 ms
O High-density 18-pin DIP, 26/20-pin SOJ,

20-pin ZIP, or 24/20-pin TSOP plastic packaging
SAHBITIA
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Pin Configurations (cont)

24/20-Pin Plastic TSOP (Normal Pinouts)

24/20-Pin Plastic TSOP (Reverse Pinouts)

rPD421000 uPD421000
1 ./ 240 Ag Ag 1 © 24 [1Ag
TAs[]2 2aba; Ay 2 23 b cas
bour 4 3 221 Ag Ags 22 O bour
NC 4 210 Ag As 4 21 One
GND O 6 201 A A5 20 1 GND
~JJH ©) —-JKH ®)
NC T8 17 vee vec 08 17 A NG
DnOs 16 [0 A3 Az ]9 16:!_%
WE ] 10 15 A Ax ] 10 15 [ WE
RAS ] 11 140 A A On 14 1 RAS
NC [} 12 130 A Ap [ 12 13 NC
Suffix ~JH In the package identifier Suffix —~JKH In the package identifier
denotes normal pinout sequence. plnout seq
SIFM-502A S3FM-8600A
Pin identification
Name Function
Ag - Ag Address inputs
CAS Column address strobe
Din Data input
Dout Data output
RAS Row address strobe
WE Write enable
GND Ground
Vee + 5-volt power supply
NC No connection
4A-2
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NEC

uPDA421000

Ordering Information

RAS Access R/W Cycle Fast-Page Cycle Refresh Standby
Part Number Time (max) Time (max) {max) Period Current Package
HPD421000C-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic DIP
C-70 70 ns 130 ns 45 ns
c-80 80 ns 160 ns 50 ns
C-10 100 ns 190 ns 60 ns
pPD421000C-60L 60 ns 120 ns 40 ns 64 ms 200 pA
C-70L 70 ns 130 ns 45 ns
C-80L 80 ns 160 ns 50 ns
C-10L 100 ns 190 ns 60 ns
HPD421000LA-60 60 ns 120 ns 40 ns 8 ms 1 mA 26/20-pin plastic SOJ
LA-70 70 ns 130 ns 45 ns
LA-80 80 ns 160 ns 50 ns
LA-10 100 ns 190 ns 60 ns
1PD421000LA-60L 60 ns 120 ns 40 ns 64 ms 200 A
LA-70L 70 ns 130 ns 45 ns
LA-80L 80 ns 160 ns 50 ns
LA-10L 100 ns 190 ns 60 ns
1PD421000V-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic ZIP
V-70 70 ns 130 ns 45 ns
V-80 80 ns 160 ns 50 ns
V<10 100 ns 180 ns 60 ns
H1PD421000V-60L 60 ns 120 ns 40 ns 64 ms 200 A
V-70L 70 ns 130 ns 45 ns
V-80L 80 ns 160 ns 50 ns
V-10L 100 ns 190 ns 60 ns
uPD421000GX-60 60 ns 120 ns 40 ns 8 ms 1 mA 24/20-pin plastic TSOP (normal
GX-70 70 ns 130 ns 45 ns pinouts)
GX-80 80 ns 160 ns 50 ns
GX-10 100 ns 190 ns 60 ns
1PD421000GX-60L 60 ns 120 ns 40 ns €64 ms 200 A
GX-70L 70 ns 130 ns 45 ns
GX-80L 80 ns 160 ns 50 ns
GX-10L 100 ns 190 ns 60 ns
#PD421000GXM-60 60 ns 120 ns 40 ns 8 ms 1 mA 24/20-pin plastic TSOP (reverse
GXM-70 70 ns 130 ns 45 ns pinouts)
GXM-80 80 ns 160 ns 50 ns
GXM-10 100 ns 190 ns 60 ns
1PD421000GXM-60L 60 ns 120 ns 40 ns 64 ms 200 uA
GXM-70L 70 ns 130 ns 45 ns
GXM-80L 80 ns 160 ns 50 ns
GXM-10L 100 ns 190 ns 60 ns

4h - 3
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Block Diagram
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¢ 6 0 0 0 0 0 0
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831H-83018

Absolute Maximum Ratings

Recommended Operating Conditions

Voltage on any pin relative to GND —10to +7.0V Parameter Symbol Min Typ Max Unit
Operating temperature, Topr 0 to +70°C Input voitage, high ViH 24 Ve + 1.0 v
Storage temperature, TgTa -85 to + 125°C Input voltage, low Vi -1 0.8 A
Short-circuit output current, log 50 mA Supply voltage Vee 45 5.0 55 v
Power dissipation, Pp 10W Ambient temperature T [+] 70 °C
Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability;‘exceeding the ratings couk’i cause perma- capacitance
nent damage. The device should be. o'perated within the limits Ta = 25°C; f = 1 MHz
specified under DC and AC Characteristics.
Parameter Symbol Max Unit  Pins Under Test
Input capacitance Cn pF Address, DN
Cr pF RAS, CAS, WE
Output capacitance Co 7 pF DouTt

4A-4
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N E C uPD421000

DC Characteristics
Ta = 0to +70°C; Vg = +5.0V *10%

Parameter Symbol Min Max Unit Test Conditions
Standby current lece 2.0 mA RAS = CAS = V)
1.0 mA RAS = CAS = Vgc-02V

Input leakage current 78 -10 10 HA ViN=0to55V;

all other pins not under test = 0V
Output leakage current lo ~-10 10 HA Doyt disabled; Voyr = 0to 6.5V
Output voltage, low VoL 0 0.4 v lop = 42mA
Output voltage, high VoH 24 Vee A loH = -5 mA

AC Characteristics
Ta = 010 +70°C; Vcg = +5.0V =10%

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions
Operating current, lect 90 80 70 60 mA  RAS, CAS cycling;
average tre = tgc min (Note 5)
Operating current, lcca 20 80 70 60 mA  RAS cycling; CAS = V);
RAS-only refresh cycle, trc = tre min (Note 5)
average
Operating current, Icca 80 70 60 50 mA  RAS = V| ; CAS cycling;
fast-page cycle, average tpc = tpc min (Note 5)
Operating current, lccs 90 80 70 60 mA  RAS cycling; CAS before
CAS before RAS refresh RAS; tge = tge min
cycle, average (Note 5)
Access time from tAA 30 35 45 50 ns (Notes 7, 10, 13)
column address
Access time from CAS tacp 35 40 45 55 ns (Notes 7, 13)
precharge (rising edge)
Column address hold tAR N/A N/A 60 70 ns (Note 19)
time referenced to RAS
Column address tasc 0 [¢] 0 20 ] 20 ns {Note 13)
setup time
Row address setup time tasr 0 0 [¢] (o] ns
Column address to WE tawD 30 35 45 50 ns  (Note 18)
delay time
Access time from CAS tcac 20 20 20 25 ns (Notes 7, 9, 10, 13)
(falling edge)
Column address tcaH 15 17 20 20 ns
hoid time
CAS puise width tcas 20 10,000 20 10,000 20 10,000 25 10,000 ns
CAS hold time for CAS tcHR 15 15 15 20 ns
before RAS refresh cycle
CAS precharge time, fast- tgp 10 10 10 20 10 25 ns (Note 13)
page cycle
CAS precharge time, tepn 10 10 10 10 ns
nonpage cycle
CAS to RAS tcrp 10 10 10 10 ns (Note 14)

precharge time
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AC Characteristics (cont)

-60 -70 -80 -10
Parameter Symbol Min Max Min Max Min Max Min Max Unit  Test Conditions
CAS hold time tesh 60 70 80 100 ns
CAS setup time for CAS tesh 10 10 10 10 ns
before RAS refresh cycle
CAS to WE delay tewn 20 20 20 25 ns  (Note 18)
Write command to tewlL 15 15 15 20 ns
CAS lead time
Data-in hold time toH 15 15 20 20 ns (Note 17)
Data-in hold time tDHR N/A N/A 60 70 ns (Note 19)
referenced to RAS
Data-in setup time tps (¢} ns {Note 17)
Output buffer torFF o] 15 15 20 25 ns (Note 11)
turnoff delay
Fast-page cycle time tpc 40 45 50 60 ns {Note 6)
Access time from RAS trac 60 70 80 100 ns (Notes 7, 8)
RAS to column address tRAD 15 30 15 35 17 35 17 50 ns (Note 10)
delay time
Row address hold time tRAH 10 10 12 12 ns
Column address lead tRAL 30 35 45 50 ns
time referenced to RAS
(rising edge)
RAS pulse width tpas 60 10000 70 10000 80 10,000 100 10,000 ns
RAS pulse width, tRASP 60 10,000 70 100,000 80 100,000 100 100,000 ns
fast-page cycle
Random read or write tre 120 130 160 190 ns {Note 6)
cycle time
RAS to CAS delay time trep 20 40 20 50 25 60 25 75 ns {Note 12)
Read command hold time  tpcH 0 (o} 0 0 ns (Note 15)
referenced to CAS
Read command trcs 0 o} 0 o] ns
setup time
Refresh period tREF 8 8 8 8 ms  Addresses Ag - Ag
RAS precharge time trp 50 50 70 80 ns
RAS precharge CAS trpc 10 10 0 0 ns
hold time
Read command hold time  tppy 10 10 10 10 ns (Note 15)
referenced to RAS
RAS hold time tRSH 20 20 20 25 ns
Read-write cycle time trwe 145 155 190 225 ns (Note &)
RAS to WE delay tRWD 60 70 80 100 ns  (Note 18)
Write command to tRwL 20 20 25 30 ns
RAS lead time
Rise and fall tr 3 50 3 50 3 50 3 50 ns (Note 4)
transition time
Write command twcH 15 15 15 20 ns
hold time
4 A~ 6
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HPD421000

AC Characteristics (cont)

-60 ~70 -80 -10
Parameter Symbol  Min Max Min Max Min Max Min Max Unit Test Conditions
Write command hold twen N/A N/A 55 70 ns (Note 19)
time referenced to RAS
Write command twes 0 0 0 0 ns (Note 18)
setup time
Write command twp 18 15 15 20 ns {Note 16)
pulse width
Notes:

M
@

®
@)

[

6

®

©
(10)
(a1

(12

All voltages are referenced to GND.

An initial pause of 100 us is required after power-up, followed by
any eight RAS cycles, before proper device operation is
achieved.

AC measurements assume tt = S ns.

Vin (min) and V| (max) are reference levels for measuring the
timing of input signals. Transition times are measured between
Viy and Vy.

lcc1, leeas Icca, and Iccs depend on output loading and cycle
rates. Specified values are obtained with the output open. Icca
is measured assuming that all column address inputs are held at
either a high level or a low level during RAS-only refresh cycles.
lcca is measured assuming that all column address inputs are
switched only once during each fast-page cycle.

The minimum specifications are used only to indicate the cycle
time at which proper operation over the full temperature range
(Ta = Oto +70°C) is assured.

Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF.

Assumes that tgcp < tgcp (max) and tgap = tgap (max). if
tReDp Of tpap is greater than the maximum recommended value
in this table, tgac increases by the amount that tgcp or tRap
exceeds the value shown.

Assumes that trcp = trcp (max) and tgap < tRap (Max).

¥ trap = tRap (max), then the access time is defined by taa.

torfF (max) defines the time at which the output achieves the
open-circuit condition and is not referenced to Vo or Vg .

Operation within the tgcp (max) limit assures that tgac (max)
can be met. tgep (Max) is specified as a reference point only; if
trep is greater than trep (Max), then access time is controlled
exclusively by tcac.

(13)

(14)

(15)
(1)

an

(18)

(19

For fast-page read operation, the definition of access time is as
follows:

CAS and Column Address

Input Conditions Access Time Definition

top = top (max), tasc = tep tacp
tep < tep (max), tasc < tep tAA
tep = tep (max), tasc < tage (Max) tAA
tep 2 top (Max), tasc = tep tcac

The tcpp requirement should be applicable for RAS/CAS cycles
preceded by any cycle.

Either tgry or tgcy must be satisfied for a read cycle.

Parameter typ is applicable for a delayed write cycle such as a
read-write/read-modify-write cycle. For early write operation,
both tywcs and tywch must be met.

These parameters are referenced to the falling edge of CAS for
early write cycles and to the falling edge of WE for delayed write
or read-modify-write cycles.

twes: trRwD: tcwp, and tawp are restrictive operating parame-
ters in read-write/read-modify-write cycles only. f twcs = twcs
(min), the cycle is an early write cycle and the data output will
remain open-circuit throughout the entire cycle. ftcwp = tcwp
(min), trwp = trwp (Min), and tawp = tawp (min), the cycle is
a read-write cycle and the data output will contain data read
from the selected cell. if neither of the above conditions is met,
the condition of the data output pin (at access time and until
CAS returns to V) is indeterminate.

This parameter is not needed for the uPD421000-60 and
1PD421000-70.

A~ 7
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Low-Power Battery Backup (-L Versions Only)

The uPD421000-L is capable of low-power battery
backup during times of reduced system power, when
the input buffers and all nonessential internal circuits
are turned off. For the input buffers to be turned off and
the amount of leakage current flowing through them
reduced, the uPD421000-L must be in standby and all
control lines within 0.2V of either Voc or GND, as
appropriate. When RAS and CAS are both within 0.2V
of Vge, the internal circuits are inactive and power
requirements reduced even further. Standby current
can drop as low as 200 uA.

Battery Backup Current

CAS before RAS refresh cycles are executed at a
minimum rate to ensure that all 512 rows are refreshed
only once every 64 ms. The time that RAS is low (tras)
and the uPD421000-L active needs to be as short as
possible, typically less than 300 ns, to minimize power
usage during refresh operation. The following table
shows the conditions under which the lowest average
standby current can be obtained.

Symbol Max Unit CAS Before RAS Refresh Cycle Standby Conditions

Icce 200 A tpas < 300 ns RAS = TAS 2 Vgc-0.2V; OF = Vg -02V;
WE = Addresses 2 Vgc-0.2Vor=< 02V; Dy

Icce 300 HA tras = 300nsand < 1pus > Vo —0.2V or < 0.2V or high-Z

tREF 64 ms

4A-8
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Timing Waveforms
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Timing Waveforms (cont)

Early Write Cycle
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Timing Waveforms (cont)

Read-Write/Read-Modify-Write Cycle
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Timing Waveforms (cont)

Fast-Page Read Cycle
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Timing Waveforms (cont)

Fast-Page Early Write Cycle
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Timing Waveforms (cont)

Fast-Page Read-Write/Read-Modify-Write Cycle
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Timing Waveforms (cont)

Hidden Refresh Cycle
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Timing Waveforms (cont)

RAS-Only Refresh Cycle
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